Rice is the most important human food crop in the world. In Bangladesh rice is cultivated throughout the year as Aus, Aman and Boro. Among them boro rice is generally cultivated in November to March. More than half of the total production (55.5%) is obtained in this season. Generally, farmers use more than the recommended number of seedlings during transplanting. The number of seedlings plays a vital role in the growth, development and yield of rice. The aim of this experiment was to determine the number of seedling(s) during transplanting for boro rice varieties JEAI, 41(6): 1-15, 2019; Article no.JEAI.53089 2 for higher growth and yield. This investigation was carried out at the research field of BINA substation under Khagrachari sadar upazila in Bangladesh during December 2017 to May 2018. The experiment tested three seedling numbers; S 1 (Single), S 2 (double), S 3 (triple) and four varieties V 1 (BRRI dhan-28), V 2 (Binadhan-14), V 3 (Heera-1), V 4 (Shakti-2) in a factorial RCB design with three replications. Results revealed that significantly highest plant height was obtained with treatment S 1 V 3 (110.30 cm) and S 3 V 4 (109.4 cm) while the maximum number of tillers/hill from S 3 V 1 (16.93) and S 2 V 1 (16.07). In terms of production, treatment combination S 3 V 4 gave the highest grain (10.40 t/ha), straw (10.40 t/ha) and biological yield (10.40 t/ha). Harvest index was the highest in treatment S 1 V 4 (59.48). From the above findings it was observed that single seedling performed better than two and three seedlings per hill in terms of getting optimum yield of boro rice varieties. Hence, the rice growing farmers should avoid the use of extra seedlings during transplanting to save labor, time and money.
INTRODUCTION
Rice (Oryza sativa L.) is a plant belonging to the family Poaceae. It is the staple food for over half of the world's population which provides 27% of dietary energy and 20% of the dietary protein in the developing world [1] and contributes over 70% of total production and 60-94% of daily calorie intake in Bangladesh, India, Nepal, Pakistan and China [2] . Rice cultivation covers nearly 75% land area of Bangladesh [3] . This cereal plays a vital role for rural economy as well as reducing hunger. Due to climatic and topographic conditions rice is abundantly grown here. There are three seasons for rice cultivation; namely Aus, Aman and Boro. Boro is the most important and single largest crop in Bangladesh in respect of volume of production. More than half of the total production (55.5%) is obtained in Boro season occurring in April-May [4] . It has been persistently contributing to higher rice production in last successive years. Boro season of rice starts in November and ends in March. Khagrachari is one of the three hill tract districts of Bangladesh which covers about one fifth (2700 km 2 ) of the total hill tract districts [5] . In the year 2017-18 total land area of hybrid boro rice cultivation in Khagrachari was 4,600 hectares which produced on average 7.08 t/ha husked rice and with 6,667 hectare area of HYV boro rice average yield was 5.79 t/ha [6] . Growth, yield and quality of rice depends on many factors; but proper agronomic management practices and selection of a suitable high yielding variety/cultivar with high genetic potentiality which can adopt to a wide range of environmental conditions may contribute to a much better performance to different yield attributes. Similarly, number of seedlings/hill is another important factor for gaining higher production as it influences total number of tillers, which ultimately influence the yield. Tillering capacity is an inherent trait which greatly varies from one variety/cultivar to another. Thus, number of seedlings during transplant is very crucial.
Number of seedlings/hill have considerable role in increasing yield of rice. Optimum plant density ensures the plant to grow properly. Higher number of seedling transplanted will exceed the optimum level of plant density which creates competition among plants for nutrient, moisture, light and other resources below the ground; consequently the plant growth slows down which may result in reduced number and poor grain quality; thereby reducing yield. Optimum number of seedlings/hill influences the tiller formation, solar radiation interception, total sunshine reception, nutrient uptake and other physiological phenomena and ultimately affects the growth and development of rice plant [4] . On the other hand, less number of seedling transplanted will result in lower plant population, tiller number and loss of applied fertilizers, irrigation and resources.
Thus, it is important to know the optimum number of seedling per hill needed during transplanting in definite variety. Considering the above facts the present research was undertaken to determine the optimum number of seedling per hill during transplanting in different boro rice varieties for ensuring proper growth and higher grain yield production.
METHODOLOGY

Description of the Research Area
The experiment was conducted at BINA substation, Khagrachari farm of Khagrachari Sadar upazila during the period of December 2017 to May 2018. The experimental field was typical rice growing medium high land of clay-loam soil and it is situated in the Agro ecological Zone (AEZ) 29 [7] , i.e., Northern and eastern hills. The geographical location of the experimental field (23°06'30.6"N 92°00'05.5"E) was subtropical climate characterized by moderately high temperature and heavy rainfall during kharif season (March to October) and low rainfall and low temperature during the rabi season (November to February). It was a typical rice growing medium high land of clay-loam with grey colored and moderately acidic in nature.
Experimental Design and Treatments
Factorial Randomized Complete Block Design (RCBD) with three replications was followed to setup the experiment. Studied field was firstly divided into three equal blocks and each block was further divided into twelve unit plots. The size of unit plot was 10 m 2 (4 m  2.5 m). Total number of plots was thirty six. Block to block distance was 1.0 m and plot to plot was 50 cm. Pre germinated seed were sown in the wet seedbed during boro season on 27 th December, 2017. Transplanting was done at 40 DAS maintaining 20 cm plant to plant and 25 cm row to row. Whole experimental plot was uniformly fertilized with N, P, K, S and Zn according to the Fertilizer Recommendation Guide [7] . 
Data Collection
Data Analysis
Collected data were statistically analyzed using "Analysis of variance technique" with the help of computer package program MSTAT and the significance of mean difference was adjudged by Least Significant Difference [8] .
RESULTS AND DISCUSSION
Crop
Phenology and Growth Parameters
Plant height
Plant height is an important trait of any rice variety. Individual effect of seedling number on plant height ( Fig. 1 ) was non-significant at 15 DAT, 30 DAT, 60 DAT and at harvest (AH). Height increased progressively for all the varieties within time. However, at 45 DAT (48.20 cm) and 75 DAT (83.45 cm) one seedling/hill (S 1 ) gave significantly highest plant height compared to other seedling numbers S 2 and S 3 . Islam and Salam [9] found similar result while planting with single seedling/hill but plant height was not significantly influenced by variation in planting density.
No significant difference was observed among the varieties up to 15 DAT ( Fig. 2) . But from 30 DAT to up to harvest (AH) significantly higher height was observed in Shakti-2. At harvest Hira-1(107.5 cm) and Shakti-2 ((107.8 cm) had the statistically identical plant height followed by BRRI dhan28 (88.32 cm) and Binadhan-14 (77.62 cm). Differences in plant height was likely to be due to varietal characters. Roy et al. [10] evaluated twelve boro rice cultivars and concluded that variation in plant height was mainly due to genetic makeup.
Fig. 1. Effect of seedling number on plant height at different DAT
Fig. 2. Varietal effect on plant height at different DAT
Interaction effect of seedling number and variety on plant height was found to be significant from 30 DAT to AH (Table 1 ). In case of rice shorten plant height is desirable [11] . In treatment combinations S 1 V 3 (110.30 cm) and S 3 V 4 (109.40 cm) statistically identical and highest plant height was obtained. Lowest height was found with S 1 V 2 (76.33 cm), S 2 V 2 (78.07 cm) and S 3 V 2 (78.47 cm) treatment combinations which are all statistically identical. Plant height of Binadhan-14 (V 2 ) remained unchanged with number of seedling transplanted. This was may be due to the genetic constitution of the variety. Which are in supporting with the findings of Murshida et al. [12] .
Total number of tillers/hill
Planting with two (S 2 ) and three (S 3 ) seedling per hill gave maximum number of total tillers/hill at harvest ( Fig. 3) ; which were statistically identical and significant over planting with one seedling/hill (S 1 ) and produced a total of number of 10.6 tillers/hill during harvest. It interprets that, for higher tillering rice transplanting with two seedlings is economically viable over planting with one or two seedling. Dejen [13] observed similar findings. [14] and Dey et al. [15] who noticed that number of total tillers/hill differed among varieties.
Significant interaction effects of seedling number and variety were observed in total number of tiller/hill at different DAT (Table 2) , while at harvest treatment combinations S 3 V 1 (16.9) and S 2 V 1 (16.1) bearing the same letter gave highest total number of tiller/hill followed by S 3 V 2 (14.5) which was statistically closely similar to S 1  V 2 (13.9). In contrast, lowest tillering was obtained from S 1 V 4 (6.5) and S 2 V 4 (9.1) respectively. From these findings it is evident that total number of tiller/hill depends on both seedling number and variety. Masum et al. [16] reported that number of tiller/hill was affected by variety number of seedlings/hill. Shrirame et al. [17] observed that two seedlings/hill gave significantly higher number of tillers/hill than three seedlings/hill. Days After Transplanting (DAT) S1 S2 S3 [18] reported that days to flowering was controlled by both genetic and environmental factors. Ranawake et al. [19] concluded that days to flowering and plant height was positively correlated.
Fig. 4. Influence of variety on total number of tiller/hill at different DAT
Yield Attributes
Number of non-effective tillers/hill
Non-significant effect of seedling number was found on number of non-effective tiller/hill ( A significant variation in interaction effect of seedling number and variety was observed. Highest number of non-effective tillers/hill was recorded from the treatment combination S 3 V 2 (2.9) and lowest from S 1 V 4 (0.5). It is the indication that, planting with three or more seedlings results in more number of non-effective tillers/hill. The result is in conformity with Masum et al. [16] .
Number of panicles/m 2
Highest number of panicles/m 2 (430.5) was observed ( Table 4 ) from planting with three seedlings/hill (S 3 ) followed by the treatment S 2 (382.4) and lowest panicles/m 2 was recorded with S 1 (341.0). Variety BRRI dhan28 (482.5) had significantly maximum number of panicles per square meter area. Shakti-2 produced the lowest number of panicles/m 2 (284.5) in comparison to other varieties.
With the influence of seedling number and variety, the highest number of panicles/m 2 was recorded with the treatment S 3 V 1 (568.4) and the least was recorded in S 1 V 4 (227.2). Planting with three seedlings may have enhanced the increase in number of panicles/m 2 . On the other hand, variety may be another factor which may have contributed to produce more number of panicles. Reza et al. [20] reported variation in number of panicles/m 2 as influenced by transplanting date and varieties.
Number of panicles/hill
Planting with S 3 (three seedlings/hill) produced the highest number of panicles/hill (11.70) ( Table  4) ; and the lowest were obtained from planting with S 1 (single seeding/hill) (9.02). Increasing the number of seedling/hill during planting may have influenced in enhancing number of panicles.
BRRI dhan28 (V 1 ) produced the maximum number of panicles/hill (12.78) whereas, the minimum (7.60) was recorded from the variety Shakti-2 (V 4 ) . Varietal qualities were the likely factor for responsible for differences in number of panicles.
Significant interaction effects were observed among seedling number and varieties. Treatment S 3 V 1 gave the highest number of panicles/hill (14.93) which was statistically greater than the other treatments. Statistically least number of panicles/hill was found with S 1 V 3 (6.07). It is implicated that, number of seedlings and the variety both play a vital role in the number of panicles/hill.
Panicle length
Treatment S 1 had the longest panicle (23.85 cm) ( Table 4 ), while treatments S 2 (23.08 cm) and S 3 (23.10 cm) produced the shorter panicle lengths which were statistically identical. 
Means bearing same letter(s) in a column do not differ significantly at 5% level of probability by LSD
Panicle weight
The effect of seedling number on panicle weight was non-significant (Table 4 ).
With the effect of variety, statistically highest and identical panicle weight was obtained from V 3 (25.59 g) and V 4 (23.33 g). Lowest weight of panicle was found with V 2 (11.89 g).
Among the interaction effects treatment S 2 V 3 produced statistically maximum panicle weight (27.10 g) and S 2 V 2 produced the minimum panicle weight (10.47 g). Hira-1 being a hybrid variety may have exhibited weighty panicles compared to other varieties. Reza et al. [20] concluded that panicle weight was significantly influenced by variety and planting dates.
Root length
Root length remained unaffected with the influence of seedling number/hill ( 
Yield Parameters
Number of spikelets/panicle
Planting with single seedling/hill (S 1 ) produced the maximum number (199.88) of spikelets/panicle ( Table 5 ). On the other hand when three seedlings were used (S 3 ) per hill the minimum number of spikelets/panicle (163.38) were obtained. This result was consistent with findings of Dejen [13] and Hasanuzzaman et al. [22] who stated that number of spikelets was decreased when number of seedlings were increased.
Hybrid variety Shakti-2 (V 4 ) produced statistically highest number of total spikelets/panicle (217.16) followed by Hira-1 (V 3 ) (187.31). BRRI dhan28 (V 1 ) and Binadhan-14 (V 2 ) produced statistically identical and lowest number of spikelets/panicle (133.99 and 129.43). Due to high vigor, genetic potentiality and utilization of nutrient, moisture, light resources, hybrid varieties may have produced more number of panicles than the OP (Open Pollinated) varieties (V 1 and V 2 ).
Varietal dominance was observed in interaction effect too. Treatment S 1 V 4 was found to have the highest number of total spikelets/panicle (311.42) which was followed by treatments S 2 V 4 (239.70) and S 3 V 4 (232. 35) . The lowest number of total spikelets/panicle was found with treatments S 1 V 2 (125.28) and S 3 V 1 (113.69) ; which were also statistically identical. Number of seedlings during planting and varietal characteristics could be the reason for differences in total number of spikelets per panicle. Islam and Salam [9] reported similar result in an experiment.
Number of sterile spikelets/panicle
Highest numbers of sterile spikelets/panicle ( Table 5) were obtained from those planted with single seedlings (S 1 ) per hill (54.27) followed by treatments S 3 (42.79) and S 2 (42.33) which gave statistically identical results. Masum et al. [16] also reported variable number of spikelets sterility as effected by number of seedlings per hill.
Only variety Shakti-2 (V 4 ) showed the maximum number of sterile spikelets/panicle (60.25). The remaining varieties Hira-1 (V 3 ), Binadhan-14 (V 2 ) and BRRI dhan28 (V 1 ) produced 43.38, 42.46 and 39.74 number of sterile spikelets/panicle which had no statistical difference.
Murthy et al. [23] recorded different numbers of filled and unfilled grains/panicle for different varieties. Chowhan et al. [5] concluded that, cultural, management and environmental conditons effects spikelet sterility.
Interaction effect of seedling number and variety was found significant. Many treatments gave identical results. S 1 V 4 (66.84) and S 3 V 4 (129.06) treatments exhibited statistically identical and higher number of sterile spikelets/panicle. On the other hand, there was no statistical difference and less number of sterile spikelets/panicle was produced by treatments S 2 V 3 (83.36), S 3 V 3 (76.08), S 3 V 2 (68.73), S 3 V 1 (64.53) and S 2 V 1 (31.99). Generally, rice produces 15-20% sterile grains [24] . Masum et al. [16] reported that difference in spikelets sterility varied significantly by variety and seedling numbers.
1000 seed weight
Maximum 1000 seed weight ( Table 5 ) was obtained from treatment S 2 (31.69 g). Treatment S 1 and S 3 gave a 1000 seed weight of 30.66 g and 30.32 g, respectively, which had no statistical difference and was lower than that of treatment S 2 . Chaudhury et al. [25] reported that seed size was not affected by the seedling(s). Variation in this case likely due to environmental factors.
Variety Hira-1 (V 3 ) produced the highest 1000 seed weight of 35.00 g and lowest was found with Binadhan-14 (V 2 ) (27.02 g). Variation in seed weight was mainly due to varietal characters. Miri [26] and BRRI [27] also agreed with the above findings.
Treatment combination S 2 V 3 gave the highest 1000 seed weight (37.58 g) and the lowest was found with S 3 V 2 (25.87 g). Seed weight may have varied due to interaction effect of seedling number per hill, environmental and genetic makeup of the variety. Masum et al. [16] also recorded similar results in an experiment.
Number of days to harvest
The number of seedlings had no effect on days to harvest and was found to be non-significant for all the treatments (S 1 , S 2 and S 3 ).
The variety Shakti-2 (V 4 ) took maximum days to harvest (149.67), whereas, Binadhan-14 (V 2 ) took lowest days (126.11) to harvest. The number of days to harvest was mainly varied due to varietal growth character, life cycle of the variety, environmental and locational factors. The results are in consistent with the findings of Biswas et al. [28] and Sarkar et al. [29] .
With interaction effect, treatment combination S 1 V 4 and S 2 V 4 took the most of days (150.00 and 149.67) to harvest and was statistically same. S 1 V 2 , S 3 V 2 and S 2 V 2 treatments took the least days (126. 33, 126.33 and 125.67) to harvest which are all statistically identical. Due to longer growth duration and slower phenological development of hybrid varieties (Heera-1 and Shakti-2) they took more time to mature, whereas, BRRI dhan28 and Binadhan-14 being an OP and comparatively short duration variety than hybrids took less days to harvest. Therefore, location of the experiment, macro and micro climate, day length and weather factors (temperature, moisture etc) may have contributed to some extent for maturity of the varieties.
Grain yield
There was no effect of seedling number on grain yield ( Table 5 ). All treatments (S 1 , S 2 and S 3 ) showed non-significant result.
Varieties Shakti-2 (V 4 ) and Heera-1 (V 3 ) gave grain yield (9.23 t/ha and 8.00 t/ha) which was statistically greater than BRRI dhan28 (V 1 ) (5.84 t/ha) and Binadhan-14 (V 2 ) (4.85 t/ha). Treatment V 1 and V 2 had the same statistical grain yield. Biswas et al. [28] on an experiment observed that average grain yield of BRRI dhan28 was between 4.73 t/ha to 7.29 t/ha, while Heera-3 and Heera-6 was 5.01 t/ha to 8.34 t/ha. BINA [30] stated that, average yield of Binadhan-14 was 6.90 t/ha. The lower yield was likely attributed to environmental and soil factors. Mondal et al. [31] , Pruneddu and Spanu [32] reported that the hybrid rice produced higher number of effective tillers/hill and higher number of filled grains/panicle thus gaining higher grain yield.
With interaction effect, treatment combination S 3 V 4 produced the highest grain yield (10.40 t/ha) and S 2 V 2 gave the lowest grain yield (4.62 t/ha). Different number of seedling per hill and individual varietal yield attributes may have played role for variation in the grain yields.
Straw yield
Maximum straw yield ( Table 5 ) was obtained from treatment S 3 (8.56 t/ha) and minimum was observed with treatment S 1 (6.82 t/ha). Here, straw yield may have increased due to increase in seedling number during transplanting. A higher plant canopy was obtained when more seedlings were transplanted. This result agreed with findings of Bhowmik et al. [4] .
Variety Shakti-2 (V 4 ) produced the highest straw yield (8.91 t/ha) and BRRI dhan28 (V 1 ), the lowest straw yield (6.37 t/ha). From this result, it was observed that long duration and taller varieties had greater straw yield compared to the shorter ones. Roy et al. [10] and Mannan et al. [33] stated that, variable straw yields among varieties were mainly due to the combined effect of plant height and tiller numbers. S 3 V 4 treatment combination gave the maximum straw yield of 10.40 t/ha which was statistically the highest among all other treatments. Statistically different and minimum straw yield of 5.81 t/ha was obtained from S 1 V 1 combination. Growth duration, plant height and number of seedlings may be reason for different straw yields.
Biological yield
Maximum biological yield (15.78 t/ha) was obtained from S 3 treatment and the minimum In terms of interaction effect, only S 3 V 4 treatment had obtained the maximum biological yield (20.80 t/ha), whereas many treatments had obtained the same statistical lowest biological yield ranging from 11.52 t/ha to 13.01 t/ha. Chowdhary et al. [35] reported that biological yield was positively correlated with grain and straw yield in rice.
Harvest index
Highest harvest index (51.5%) was recorded with the S 1 treatment (Table 5 ) and the lowest (43.8%) was found with treatment S 2 .
Varieties Shakti-2 (V 4 ), Heera-1 (V 3 ) and BRRI dhan28 (V 1 ) had an identical harvest index of 50.9%, 48.5% and 47.9 respectively. Only Binadhan-14 (V 2 ) produced the harvest index (40.0%). It appears that hybrid rice maintained higher harvest index. Chandra and Das [36] found higher harvest index in the hybrid varieties compared to the inbred.
The interaction effect of seedling number and variety on harvest index was significant. Statistically, the significantly highest harvest index was produced by treatment S 1 V 4 (59.5%), while the lowest was obtained from treatments S 1 V 2 (40.9%), S 2 V 2 (40.2%) and S 3 V 2 (38.9%). Varieties with high yield potential bear a higher harvest index than the lower yield potential varieties; hence number of seedlings per hill have also influenced the whole interaction process. The results are in agreement with those of Cui et al. [37] .
CONCLUSION
On the basis of the above results it can be concluded that the number of seedling(s) per hill and varieties has a significant role in different agronomic traits and yield attributes. Regarding growth parameters, the highest plant height was found with Heera-1 planted with a single seedling and Shakti-2 with three seedlings. Variety BRRI dhan-28 exhibited maximum tillering with two seedling and number of leaves with three seedlings per hill. The number of days to 50% and 90% flowering was the lowest in Binadhan-14 when planted with one and three seedling. The highest and the lowest numbers of noneffective tillers were obtained with three and one seedlings per hill, respectively. Three seedlings with Heera-1 was found to have the maximum number of panicles per hill and panicles/m 2 . Total number of spikelets per panicle was utmost in Shakti-2 with one seedling. Maximum grain, straw and biological yields were found in Shakti-2 with three seedlings per hill. The highest harvest index (%) was also obtained from Shakti-2 with single seedling. Considering the above experimental outcomes, it can be summarized that, for boro season three seedlings per hill with hybrid variety Shakti-2 gives the maximum yield and production, whereas for BRRI dhan-28, Binadhan-14 and Heera-1, the optimum yield was obtained when single seedling was used for transplanting. As this experiment covered a single area and limited number of treatments were used; further investigation with four, five and six seedlings per hill as well as more number of varieties should be included for further verification of these findings.
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